Several distinct types of derepressed R factor mutants have been isolated and identified following nitrosoguanidine mutagenesis. One class of mutants appears to synthesize a temperature-sensitive repressor substance, as shown by the effects of temperature on R factor transfer, on male-specific phage sensitivity, and on F factor and Hfr transfer. In addition, two classes of repressor-insensitive derepressed R factor mutants have been identified: although both inhibit F factor transfer at 42 and 32 C, one mutant (R6-5drd5O) represses its own fertility at only the low temperature. These results imply the existance of a plasmid-specific component of the R factor repression system, in addition to a component which acts on both R and F factor fertility.
There are a number of well recognized similarities in the genetic characteristics of certain infectious antibiotic resistance factors (R factors) and the sex factor F. Both are capable of autonomous replication; both can be transferred by conjugation; and both can promote transfer of the host chromosome (27, 28) . However, the fertility of R factors is expressed in only a small proportion of an R+ population of bacterial cells, unlike the fertility of F which ordinarily is always expressed (23, 29) . Moreover, the introduction of certain R factors into an F+ cell reduces its ability to conjugate (20) and inhibits other F-related functions such as agglutination by F-specific antiserum (12) and lysis by male-specific bacteriophages (8, 32) . R factors having the ability to inhibit F factor fertility were termed fi+ (for "fertility inhibition") by Watanabe et al. (28) and i+ by Egawa and Hirota (8) .
The low frequency of R factor transfer, as compared to F, was attributed to the synthesis by fi+ R factors of a cytoplasmic repressor which inhibits fertility of the R factor (8) . Repression of the fertility of F by R was also considered to be mediated by the R factor repression system (8) . Subsequent investigations have indicated that this interpretation is, at least in part, correct (23) . The sensitivity of F+ bacteria to male-specific phages, and their ability to conjugate are dependent on the presence of F pili (3) . Meynell and Datta (20, 21) have shown that a small proportion of cells in an R+ population are sensitive to the malespecific phage, MS2, and possess sex pili resembling the F pilus (16) . These investigators inferred that such cells were responsible for the fertility observed in an R+ population. Moreover, Meynell and Datta (22) and others (8, 13) have isolated a number of derepressed R factor mutants that cause formation of pili, that have high transmissibility, and that yield plaques with male-specific phages. The mutation(s) responsible for derepression of R factors presumably could be located in R factor genes that control the synthesis of a repressor substance or in sites that interact structurally or functionally with the repressor (14) . Thus, phenotypic derepression of R could be due either to the absence of repressor or to insensitivity to the repressor. Both types of derepressed mutants have been described (10, 13, 19) and have been distinguished by their effects on F factor fertility: derepressed mutants which do not produce repressor fail to inhibit F fertility, whereas repressor-insensitive mutants retain their ability to inhibit F factor fertility (19) .
Although it is clear that the R factor repressor affects pilus formation by host bacteria, little is understood about its mechanism of action, regulation of its production, or its molecular nature. For example, it is not known whether the R factor repressor functions by DEREPRESSED R FACTOR MUTANTS inhibiting gene expression at the level of ribonucleic acid (RNA) synthesis, as is the case with the Escherichia coli lac and bacteriophage A repressors (5, 11, 14, 25, 26) , or whether another mechanism is involved. The availability of conditionally derepressed temperature-sensitive R factor mutants would provide a useful tool for studying these important aspects of R factor biology. In this communication we describe the isolation and characterization of an R factor mutant which synthesizes a temperature-sensitive repressor and the identification of two distinct types of repressor-insensitive mutants.
MATERIALS AND METHODS
Bacterial strains and R factors. The strains of E. coli K-12 used in this work are shown in Table 1 . The R factors used are described in Table 2 .
Media. Complex media used were Penassay broth (PAB) (Difco), nutrient agar (Difco), R broth (18) supplemented with 0.01 M tris(hydroxymethyl)aminomethane (Tris), pH 7.5, and L broth (17) (Table 3) . Class I, which is represented by mutant drd20, is resistant to phage f2 at 34 C. Mutants of classes II and III, represented by drd28 and drd50, respectively, remain sensitive to f2 infection at 34 C; however, as indicated in Table 3 , mutant drd50 is distin- Effects of F transfer. R6-5 is an fi+ R factor which reduces genetic transfer of the sex factor F (32) . This is seen in Table 5 which shows the effect of mutant drd20 and certain other R factors on the transfer of the autonomous sex factor, F galXBamlO. In these experiments, F factor transfer was measured by determining the frequency of zygotic induction of a defective X prophage carried by the sex factor (see Materials and Methods). As seen in Table 5 , the repressed R factors R6-5 and R100 reduce the transfer of F galXBamlO 1,000-fold at both 42 and 32 C, whereas the derepressed mutant R factors R1-19 and R100-1, which fail to produce repressor (23) , have no effect on the frequency of F transfer. Mutant drd20 does not affect F transfer when the bacteria are grown and plated at 42 C; however, repression of F transfer does occur in cells grown and plated at 32 C. It is interesting to note that, although mutants drd28 and drd50 are transferred at a high frequency, they nevertheless inhibit F factor transfer at both 42 and 32 C to the same degree as the parental R factor R6-5, indicating that both mutant R factors are capable of synthesizing a functional repressor sub- Since the mutant R factors drd28 and drd50 both repress F factor function while continuing to express their own fertility, the observed decrease in plating efficiency when they were transferred into F+ bacteria appears to reflect the comparatively poorer adsorption of f2 phage to R pili (24) . The plaques formed on such F+R+ bacteria are turbid and heterogenous in size at both temperatures and appear to be characteristic of those produced on derepressed R+ bacteria (24) . However, at 34 C the decrease in plating efficiency observed with the mutant drd50 is substantially greater than with drd28, and the plaques seen with drd50 are extremely turbid and barely detectable, indicating that fewer cells in the population are phage-sensitive. This finding suggests a prominent effect of temperature on the fertility functions of this repressor-insensitive R factor mutant.
Hfr transfer. The presence of a repressed R factor in an Hfr donor strain reduces the number of recipient recombinants for a proximal chromosomal marker (19) . Table 7 shows that the presence of the R-factor R6-5 in the donor Hfr reduces the yield of pro+ recombinants by more than a 1,000-fold. As expected, mutant drd20 reduces the number of recombinants at 32 C, but no effect of this R factor on Hfr transfer is observed when the cells are grown and mated at 42 C.
Kinetics of derepression. The results presented in Table 5 indicate that R6-5drd2O represses the transfer of F galXBamlO at 32 C but not at 42 C. Figure 1 shows the kinetics of derepression after a shift of cells grown at 32 to 42 C. As seen in the figure, there is an observable increase in F factor transfer within 30 min. Transfer frequency rises sharply between 30 and 90 min after the shift of bacteria to 42 C, and the cells appear to be totally derepressed at the end of 120 min.
DISCUSSION
The regulation of R factor fertility has often been considered analogous to the regulation of the E. coli lac operon and to the control of early bacteriophage X functions by the cI gene product (X repressor). Accordingly, R factor mutants that do not synthesize repressor, such as R1-19 and R100-1, have been viewed as being analogous to lac I mutants, whereas repressor-insensitive mutants have been described as Oc (operator constitutive) (10, 13, 19, 23) . This terminology assumes that repression of R factor transfer occurs at the level of RNA synthesis, as is the case with repression of genetic expression of the lac operon (5, 11, 14) and of bacteriophage X development (25, 26) . However, recent evidence has suggested that regulation of R factor transfer, and repres- 20 Ag of threonine/ml, and 1.0 mg of streptomycin/ml. sion of F fertility by R, may be more complex than was initially thought (9, 34) . The results reported in this communication indicate the existence of several classes of derepressed R factor mutants. Bacteria carrying one such mutant, R6-5drd2O, are sensitive to the male-specific phage f2 at 42 C but resistant to infection at 34 C. Moreover, the mutant drd20 is transferred with 100% efficiency at 42 C while showing a 300-fold reduction in transfer at 32 C. Thus, at 42 C drd20 exhibits the characteristics of a derepressed R factor, while at 32 C it remains in a repressed state.
The inhibition of F factor fertility functions by the mutant R factor drd20 is also temperature-dependent. At 32 C this mutant reduces both the transfer of F galXBamlO, as measured by zygotic induction, and the number of pro+ recombinants observed following an Hfr mating. No effect on F' or Hfr fertility is seen at 42 C. The extent of inhibition of F factor transfer parallels the observed reduction in the number of pro+ recombinants and demonstrates the utility of zygotic induction as a rapid means of measuring the repression of F factor transfer by R factors. The temperaturesensitive nature of R6-5drd2O fertility and its effects on F and Hfr transfer are consistent with the view that this mutant synthesizes a temperature-sensitive repressor substance.
We have also described two derepressed mutant R factors, drd28 and drd50, which are insensitive to the repressor they synthesize. At 42 C, both drd28 and drd50 are phenotypically identical to the repressor-insensitive mutants previously isolated and characterized as Oc (10, 19) . Both produce a functional repressor as demonstrated by their ability to repress the transfer of F gal, both are sensitive to bacteriophage f2, and both are transferred at a high frequency. However, the repressor insensitivity of mutant drd50 appears to be temperaturedependent. At 32 C the R factor mutant drd28 is transferred with 100% efficiency whereas mutant drd50 shows a sharp reduction in transfer frequency. Bacteria carrying mutant drd50 also serve as an indicator for phage f2 with a lower efficiency at 34 C and yield plaques that are very turbid and difficult to detect. These effects of temperature suggest that the repressor insensitivity of mutant drd50 does not result from a mutation in a deoxyribonucleic acid binding site for repressor, as in the case of classical Oc mutations.
Finnegan and Willetts (9) F lac which are not subject to fertility inhibition by the fi+R factor, R100. One is recessive in transient heterozygotes and the other is dominant. The existence of recessive repressor-insensitive mutants suggests that inhibition of F transfer by R100 may require an F factor-specific gene product (which Finnegan and Willetts have called PF) in addition to a product produced by the R factor. An analogous product (Po) which is necessary for inhibition of R factor transfer appears to be synthesized by R100 (34) .
The findings we have reported here are consistent with the interpretations of Finnegan and Willetts and imply that the effects of temperature on fertility of the R factor mutant drd5O result from temperature sensitivity of an R factor product that is distinct from the repressor substance. Moreover, this temperaturesensitive product appears to be plasmid-specific, since the effects of the R factor on F factor transfer are not influenced by temperature. These results indicate that at least two R factor gene products are implicated in the repression of R factor fertility.
